Plasma ß-mannosidase activities were determined for Salers cattle from 8 herds as an evaluation of this method for detection of ß-mannosidosis heterozygotes. Several biological factors, such as age, gender, herd, and risk of being a ß-mannosidosis carrier, were considered in this study. The mean enzyme activity for obligate heterozygotes (n = 8) was 55 U/ml (range = 43-65 U/ml), which was 59% of the mean enzyme activity for cattle that were low risk for being a carrier. These data indicate that bovine ß-mannosidosis is characterized by a gene dosage effect. The analytical and biological variation of plasma ß-mannosidase activity that was observed necessitates limiting the test to adult fullblood/purebred Salers cattle within a herd. Plasma ß-mannosidase analysis provides important information for intraherd selection of Salers cattle that are heterozygous for ß-mannosidosis.
ß-mannosidosis is an autosomal recessive defect of glycoprotein catabolism that has been reported in goats, 11, 18, 19 human 5, 6, 7, 21, 28 and, most recently, Salers cattle [1] [2] [3] 13, 25 From birth, affected Salers calves are unable to rise and have a characteristic appearance consisting of a slightly domed head, slight protrusion of the lower jaw, narrow eye openings, and abundant purplish gums. Handling of these calves reveals skin that seems tightly adhered to the body. The calves cannot stand even with assistance, and during periods of sternal recumbency they make wide circular head movements often combined with bobbing movements. These combined uncontrolled movements usually propel the calf into lateral recumbency. Affected calves cannot seek their mother to nurse, and even if milk/colostrum is offered (via a bottle) they are unable to suckle effectively. The disease is rapidly fatal in newborn ruminants. 1, 17 Human ß-mannosidosis is clinically heterogeneous. Mental retardation and deafness are the most characteristic features. 6, 7, 21, 28 Birth of affected calves has been reported in at least 4 states in the United States as well as in Canada and New Zealand. The American Salers Association has estimated that of 20,000 calves born in 1990, approximately 10 calves were positively diagnosed as having ß-mannosidosis. However, a true estimation of the gene frequency is not possible because the disease has only recently been described, and it may be confused with hydrocephalus or bovine viral diarrhea infection. Fur-thermore, reporting of bovine ß-mannosidosis is voluntary and breeders may be reluctant to report these cases for economically important livestock.
The biochemical hallmark of this neurovisceral storage disease is the absence of plasma ß-mannosidase activity. In caprine and bovine ß-mannosidosis, Manß1-4G1cNAc and Marßl-4G1cNAcßl-4G1cNAc as well as more complex oligosaccharides accumulate in tissues and urine. 1, 17, 19, 20, [22] [23] [24] The Manßl-4G1cNAc disaccharide is the main uncatabolized substrate in humans. 6, 7, 21, 28 The disease is clinically and biochemically quite different from α−mannosidosis that is described in Angus, Murray Grey, and Galloway cattle. 16 Heterozygote detection would facilitate a rational breeding program to restrict the incidence of this disease. Because of absence of one normal allele, half normal plasma enzyme activities have been used to detect heterozygotes in bovine α-mannosidosis 15 and caprine ß-mannosidosis. 9 However, plasma α− and ß-mannosidase activities can be affected by age, gender, reproductive status, nutrition, and other factors that could complicate detection of heterozygotes by this measurement. 5, 8, 9, 14 In this investigation, we report plasma ß-mannosidase activities of Salers cattle from 8 herds, estimate analytical and biological variation of plasma ß-mannosidase measurements, and provide preliminary evaluation of this assay as a carrier detection test in Salers cattle. Received for publication November 25, 1991. Samples of heparinized whole blood were drawn from the No attempt was made to standardize sample collection for factors such as time of day of collection, recent food ingestion, or phlebotomists. Following collection, samples were held on wet ice up to 12 hr before centrifugation ( 1,500 X g, 20 min). Plasma was removed, frozen at -20 C, and shipped on dry ice by overnight delivery to the laboratory. The sample was stored for periods up to a few days at -20 C until analyzed.
Materials and methods
Using the pedigree information provided by the ranches, Salers cattle were categorized as low risk if neither parent was a known carrier. The low-risk group approximated a normal reference population, but this group probably included some unknown carriers. The number of carriers for this group is dependent on the gene frequency, which is unknown. Salers cattle were categorized as high risk for being a ß-mannosidosis carrier if one or both of their parents were obligate carriers. Each animal had a 50% or 66% chance of being a carrier. The obligate carrier group (n = 8) included 3 male and 5 female adult purebred or fullblood Salers cattle who produced offspring with the typical ß-mannosidosis phenotype, as described and ascertained by necropsy examination. 1 These obligate carriers that were tested were from 4 of the 8 herds in this study and 2 other herds that were not extensively studied.
Enzyme assay conditions. ß-mannosidase activity was measured using 100 µ1 of 2 mM 4-methylumbelliferyl-Pmannopyranoside a as artificial substrate in pH 4.5 Mc-Ilvaine's citrate-phosphate buffer and 0.2 mg/ml bovine serum a albumin. Reactions were started by the addition of 50 µ1 of bovine plasma and terminated by addition of 1.7 ml 0.1 M ethylene diamine after 15 min at 37 C. Formation of product was proportional with time for at least 60 min. Unit activity was defined as 1 nmol of 4-methylumbelliferone released per hour. Plasma ß-mannosidase values represent the average of duplicate results from a single run, except where noted.
Consistency of results from day to day was assessed by using pooled goat and bovine plasma samples (aliquoted and Enzyme characterization studies. For pH activity profiles of plasma samples from 2 low-risk and 2 obligate-carrier animals, substrate was prepared in citrate-phosphate buffers (pH 3-7, at 0.5 pH intervals) or Walpole's acetate buffers (pH 3.5-5.5, at 0.5 pH intervals). Heat stability profiles for plasma samples from 2 low-risk and 2 obligate-carrier animals were performed by incubating the samples at 40, 45, and 50 C, and enzyme activity was determined on aliquots taken at 0, 10, 20, 30, 45, and 60 min. Results were calculated as a percentage of the activity at time zero. Michaelis constants (K,) for the plasma enzyme from 2 low-risk and 2 obligate-carrier animals were determined with 4-methylumbelliferyl-ß-mannopyranoside (0.3-2.6 mM) by using a weighted nonlinear regression method. 29 Estimation of analytical and biological variation. Interrun precision for the ß-mannosidase assay was determined by 2 technicians over a period of 1 wk using 1 goat and 1 bovine plasma pool stored at -20 C. Intrarun precision was determined by 1 technician using the same plasma pools.
Another estimate of interrun precision was made by testing ß-mannosidase activity in 2 aliquots of the same specimen for 46 samples. One aliquot was tested promptly, and the second was tested l-4 wk after receipt; the 2 results were averaged. An average coefficient of variation (CV) was determined based on the total mean and the average standard deviation observed for the 46 results. Samples were tested by 3 technicians.
Biological variation in individual adult Salers cattle was estimated by measuring ß-mannosidase activity in 2 plasma samples drawn from 35 animals 1-2 mo apart; the 2 results were averaged. An average CV was determined based on the total mean and the average standard deviation for the 35 results.
One-way analysis of variance (ANOVA) was determined using a statistical software package,, to compare plasma ß-mannosidase data. Differences were considered significant at P < 0.05, unless otherwise noted.
Results
stored at -20 C) that had been analyzed previously. Data for a run were considered satisfactory if the 2 plasma pools Enzyme assay performance and evaluation. Prelimmet the 2 SD rule. Analytical variation was tested, but no inary characterization of plasma ß-mannosidase from effort was made to minimize this variation by using 1 tech-low-risk and obligate-carrier animals for pH optimum nician or a single batch of reagents or only comparing data (4.5), K m (0.8 mM), and heat stability at 40, 45, and from the same run. Instead, this study simulated a field trial, 55 C indicated that the enzyme from both sources had and testing was designed for performance in a busy diagnostic similar properties. Storage stability studies with plaslaboratory.
ma samples from 4 animals demonstrated a 0-12% decrease in ß-mannosidase activity upon storage at -20 C over 1 month, and 5-20% decrease over 3 months. Some of this decrease may be attributed to interrun precision, estimated to be about 7% (see below).
The intra-assay CV from 2 plasma pools was 4.2% (x = 99.9, 1 SD = 4.2, n = 10) and 4.1% (x = 49.3, 1 SD = 2.0, n = 10). The interassay CV using 2 plasma pools was 6.2% (x = 98.3 U/ml, 1 SD = 6.2, n = 30) and 7.6% (x = 48.3 U/ml, 1 SD = 3.7, n = 70). Average interassay CV was estimated at 6.9%. Interrun precision also estimated by analyzing 2 aliquots of the same specimen in different runs. The average CV (x = 98, n = 46) was 11.2%. These assays were performed by 3 technicians, and the time in storage varied from 1 to 4 weeks.
Variation between samples from an individual animal was estimated by measuring enzyme activity in 2 samples drawn l-2 months apart. The average CV (x = 86.5, n = 35) was 14.3%. With the interassay CV = 6.9%, the intraindividual biological variation was estimated to be 7.4%.
Plasma ß-mannosidase of adult Salers cattle. The mean and 2 SD of plasma ß-mannosidase determinations for 259 adult Salers cattle from 7 herds are presented in Table 1 . Enzyme data without herd designation is presented in Figure 1 . For the 8 obligate heterozygotes, the mean plasma activity was 55 U/ml, which is 59% of the mean plasma ß-mannosidase value of the low-risk group. Enzyme values of 2 other obligate heterozygotes from 2 herds not listed in Table 1 were 51 and 59 U/ml (Figure 1 ). The range of plasma values for the 8 adult obligate heterozygotes was 43-65 U/ml.
One-way ANOVA of enzyme data from the low risk animals indicates that there is sufficient among herd variation to warrant only evaluating enzyme data within a herd (P < 0.01). Deletion of the anomalous lowrisk data for herd 2 and recalculation of ANOVA yielded similar results.
For all the Salers herds that were tested, the mean enzyme value for the low-risk group was higher than the mean enzyme value for the high-risk group. However, this difference was significant only in herd 6 (P < 0.01). Figure 2 shows the distribution of plasma enzyme data of the 3 largest herds (5) (6) (7) .
Plasma activities of low-risk adult Salers cattle that are listed in Table 1 were separated on the basis of gender ( Table 2 ). The data suggest that gender does not have a significant effect. However, the small number of samples submitted from male cattle prevents a rigorous evaluation of this parameter.
Plasma ß-mannosidase of Salers calves. Plasma activity was measured on samples from calves in 4 herds that were rated as low risk for being a carrier (Table  3 ). Although the sample size is small, the data suggest than the plasma activity for adult Salers counterparts that calves have 1.5-2 times higher plasma ß-manno-(P < 0.01). sidase activity than adults (> 12 months old). Mean In herd 7, mean plasma activity for 12-month-old plasma activity for calves of herd 6 at age 4 or 5 months Salers calves was not significantly higher than that of and of herd 7 at age 11 months were significantly higher adult cattle. The data from herd 6 for cattle at ages 4 months and 5 months were separated by gender. The mean enzyme activity for 4-month-old males (n = 16) was 140 U/ml, (1 SD = 38) and for females (n = 22) was 139 U/ml (1 SD = 49). At 5 months of age, the mean enzyme activity for males (n = 4) was 128 U/ml (1 SD = 3 3) and for females (n = 8) was 145 U/ml (1 SD = 38). Analysis of variance indicated that these differences were not significant.
Discussion
Biochemical characterization of plasma ß-mannosidase from 2 normal and 2 carrier animals for pH activity profile, K m , and heat stability indicates that the enzyme from both sources has similar properties and that the lower ß-mannosidase activity in carriers is the result of less plasma enzyme rather than an ab-errant form of ß-mannosidase. These observations are similar to those for caprine ß-mannosidosis. 4 Measurements of intraindividual biological variation for adult Salers cattle was estimated at 7.4%. This CV is probably an underestimate, because only 2 samples were tested per animal. A more rigorous study of biological variation of plasma ß-mannosidase for Salers cattle with more samples tested per animal over the entire year is required for a more reliable estimate of this variation. 27 Analytical run-to-run precision for the plasma ß-mannosidase assay as described is 6.9%. This CV is more than 1/2 of the intraindividual biological variation (7.4%), which is a widely stated goal for analytical methods. 10 Automation of sample and reagent dispensing should improve the analytical precision. One limitation of this assay is that the solubility of the Application of the plasma ß-mannosidase measurement as a heterozygote detection test requires careful consideration of the significant biological variation. Plasma activity can vary from herd to herd. Season, nutrition, and stress have an effect on caprine plasma ß-mannosidase and bovine plasma α-mannosidase activities. 9, 14 Whether this variation is related to the same factors or a different frequency of the ß-mannosidosis gene or to some other unknown factor cannot be ascertained from these data. As reported for goats 8 and humans, 5 plasma ß-mannosidase activity of Salers calves is significantly higher than that of adult cattle. Thus, data of age-matched animals within a herd should be compared.
As noted in humans, 5 there was no evidence for variation of plasma ß-mannosidase due to gender. Future studies should consider reproductive status, because pregnancy and lactation can influence lysosomal enzyme activity. 8, 15 These initial studies suggest that plasma ß-mannosidase measurements can provide useful information as part of a ß-mannosidosis carrier detection program. Plasma is a stable source of ß-mannosidase and is well suited for large scale, low cost screening programs. A larger number of obligate heterozygotes would improve the definition of the carrier range. The effectiveness of the test for carrier detection can be en-hanced in conjunction with pedigree analysis by testing parents and siblings (R. Skinner, personal observation). In some cases, the progeny of an animal of indeterminate status and an animal that is a known carrier may be tested to further define the parental status. Alternative methods for carrier detection, such as white cell enzyme levels 3, 12, 14, 26 or DNA probes may further improve the diagnostic efficiency of ß-mannosidosis carrier detection.
Large scale field testing with plasma ß-mannosidase for heterozygote detection in Salers cattle is now underway (B. Abbitt, personal observation).
